7 025 bla isolates contained the aminoglycoside (aac(3)-IIa) and beta-lactam AMR genes (blaSHV-28), 134 while the other Kpn bla KPC-3 clusters did not. Notably, mcr genes conferring resistance to colistin were 135 not detected in the 84 isolates analyzed. The majority of the K. pneumoniae bla KPC-2 and bla isolates 136 were resistant to meropenem (47/84; 56%). More specifically, seven of the 23 K. pneumoniae bla KPC-2 137 cluster isolates (30%) and 13 of the 15 bla KPC-3 cluster isolates (87%) were resistant to meropenem. The 138 remainders of the cluster and non-cluster isolates were intermediate resistant or sensitive for 139 meropenem (Table 1) . 140
141

Antibiotic resistance genes among the genomic elements of the distinct genetic clusters 142
Long-read sequencing of seven isolates from six of the nine genetic K. pneumoniae bla KPC clusters, 143 revealed 18 plasmids with varying sizes (Fig. 3) . Plasmids containing either the bla KPC-2 or bla KPC-3 allele 144
were diverse in size. The large (≥150-250 kb) and medium (≥50-150 kb) sized plasmids contained one or 145 two replicons from the incompatibility group IncFIB(K) and IncFII(K), IncHI2 and IncHI2a, or IncFIB(pQil) 146 (Fig. 3) . The small plasmids (<50 kb) contained ColRNAI or IncX3/IncL/IncP6 type of replicons. The 147 chromosomes of the analyzed isolates contained on average five acquired AMR genes, while the 148 plasmids contained on average nine AMR genes. Fourteen of the 18 plasmids contained AMR genes 149 from various classes and four plasmids from the isolate of KpnCluster-021 did not. The AMR genes 150 conferring resistance to phenicol, trimethoprim and macrolide antibiotics were located only on medium 151 or large sized plasmids. The small plasmids had one or two AMR genes conferring resistance to 152 aminoglycosides or beta-lactams. Resistance genes for fosfomycin (fosA) and fluoroquinolones (oqxA 153 and oqxB) were exclusively located on the chromosomes of the seven cluster isolates. KpnCluster-019 154
and KpnCluster-021 associated with the Caribbean contained plasmids encoding genes for phenicol and 155 tetracyclin resistance. The KpnCluster-019 and KpnCluster-021 plasmids were not found in non-cluster 156 8 isolates, whereas the plasmids of the other clusters were detected in a subset non-cluster isolates (Fig.  157 3). The plasmids of KpnCluster-003 and KpnCluster-005 were present in each of its cluster isolates, 158 however, in isolates of the other clusters occasionally plasmids were lost, thereby impacting the 159 composition of the resistome (Fig. 2 and 3) . 160
The bla KPC-2 KpnCluster-019 isolates were obtained from both the Caribbean and the 161 Netherlands, while bla KPC-2 KpnCluster-021 isolates originated only from the Caribbean ( Table 1, Fig. 3) . 162
In the KpnCluster-019 isolate RIVM_C014906, three copies of the bla KPC-2 gene were present, while other 163 cluster isolates had only one bla KPC copy. One copy was located in the chromosome, one copy in the 200 164 kb plasmid pRIVM_C014906_1 and a third copy on the 16 kb plasmid pRIVM_C014906_3. All these three 165 bla KPC-2 copies were located on a highly similar Tn4401a-derived ∆Tn4401a-like transposon of 5.6 kb in 166 this strain. The chromosomes contained this ∆Tn4401a-like transposon in the exact same region. 167
KpnCluster-003, KpnCluster-005, KpnCluster-008 and KpnCluster-025 consist of isolates that were 168 obtained in the Netherlands and in these isolates the bla KPC allele was located on a Tn4401a transposon 169 of 10 kb. 170
171
Comparison of the K. pneumoniae plasmid content 172
An UPGMA clustering based on the DNA sequence of the 18 plasmids revealed that the majority 173 of the plasmids were unrelated (Fig. 4) . The largest two plasmids pRIVM_C008981_1 and 174 pRIVM_C014947_1 carried the largest number of genes and this number decreased by the decreasing 175 size of the plasmids. Most the plasmid located genes had unknown function. The large and medium 176 sized plasmids contained the klcA gene, encoding an antirestriction protein implicated in the facilitation 177 of bla KPC allele transfer (22). None of the plasmids contained known virulence determinants such as 178 rmpA, rmpA2, iroBC, or iucABC implicated in hypervirulence (23, 24). Comparison of the large plasmids9 revealed that pRIVM_C008981_1 and pRIVM_C015139_1 from KpnCluster-003 and KpnCluster-005 180 displayed 90% similarity (Fig. 4) . Plasmid pRIVM_C014947_1 was not related to any other of the large 181 plasmids. Despite the low similarity, these large plasmids shared important clusters of genes among 182 them. They all contained the silE and silP genes encoding a silver-binding protein and a silver exporting 183
ATPase, cusSRCFB genes implicated in cation efflux, the copABCD-pcoE genes involved in copper 184 resistance and the arsHACBAD arsenic resistance gene cluster. These large plasmids also contained 185 fecIRABCDE implicated in Fe(3+)-dicitrate transport, the traIDSQCVAJM-ylpA plasmid conjugation gene 186 cluster, and the higA-higA1 antitoxins, except pRIVM_C014947_1 and pRIVM_C014947_2. In addition, 187 the large plasmids also contained a proportion of plasmid-specific and thus K. pneumoniae cluster 188 specific content (Suppl. The large and medium sized plasmids contained the most transposase sequences, and each plasmid had 202 its unique transposon signature (Fig. 5) . The IS1 and IS3 transposase families dominated in the K. 203 pneumoniae plasmids. The IS1 family transposase was found most frequently among the plasmids and in 204 most copies within plasmids. In the large and medium sized plasmids, the bla KPC allele was located on a 205
Tn4401a transposon, except in pRIVM_C014906_1. In the small plasmids carrying a bla KPC , the 206 carbapenemase allele was located on a ∆Tn4401a-like transposon. The large plasmids 207 pRIVM_C008981_1, pRIVM_C015139_1 and pRIVM_C014906_1 harbored 37, 32 and 31 annotated 208 tranposases, respectively. In contrast, the largest plasmid pRIVM_C014947_1 of 250.6 kb from 209
KpnCluster-021 contained only 12 transposons. The remainder of the plasmids from KpnCluster-021 also 210 contained very few transposase sequences, in contrast to the other plasmids from the different clusters. 211
The highly related pRIVM_C015139_3 and pRIVM_C015274_2 plasmids (99% similarity) had identical 212 transposons. While IS66 and IS110 family transposase sequences also dominate in the large plasmids, 213 the medium sized plasmids contained IS3 family type of transposases. The medium sized plasmids 214 contained eleven to 23 transposases, and the small plasmids less than ten. 215
216
Similarity with previously reported plasmids 217 BLAST analysis of the K. pneumoniae plasmids identified in this study showed that 8 of the 18 plasmids 218 were similar to previously reported plasmids in the NCBI sequence database ( Prophage sequences in the K. pneumoniae cluster genomes 235 PHASTER analysis revealed that the majority of the large and medium-sized plasmids from different 236 genetic clusters with IncFIB(K) or IncFIB(pQil) and IncFII(K) replicons contained one to four regions with 237
prophage-related sequences e.g. genes encoding putative phage integrase, phage-like proteins, coat 238 proteins, and/or tail shaft proteins (Table 3 ). The size of the prophage sequence regions varied per 239 plasmid. The most commonly found prophage-related sequence in large and medium-sized plasmids of 240 cluster isolates was an Escherichia phage RCS47 (Table 3 ). This sequence entails the 14.2 kb ygbMLKJI-241 blaSHV-recF-lacY region flanked by IS26 elements and representing 12% of the RCS47 prophage 242 genome. The small plasmids of <50 kb lacked phage-related sequences. In contrast, the chromosomes of 243 cluster isolates carried at least three to nine phage sequence regions covering 10-50% of the phage 244 genome. These phage sequence regions covered a wide variety of distinct phages, including prophage 245 sequences from Salmonella, Klebsiella, Cronobacter, Enterobacteria phages (Suppl. Table 2 ). The most 246 commonly found prophage sequence in Klebsiella chromosomes was the Enterobacteria phage P4. 247
Discussion 248
We showed that a K. pneumoniae strain carrying bla KPC-2 was transmitted between the Netherlands and 249 the Caribbean. This is based on the high genetic relatedness of the 13 isolates from KpnCluster-019 as 250 assessed by wgMLST and their highly similar resistome and plasmidome. We found that one person lived 251 in the Caribbean and migrated to the Netherlands. After migration, a KpnCluster-019 isolate was 252 obtained from this person in a Dutch hospital. Possibly other transmissions by other persons could have 253 occurred, but these were not confirmed in this study. By combining short-read with long-read 254 sequencing data, we identified 18 plasmids of seven K. pneumoniae isolates from six distinct genetic 255 clusters found in the Netherlands and the Caribbean and analyzed these plasmids for its AMR gene 256 profile, bla KPC transposons, replicons, transposon families, and gene content. The plasmid composition 257 varied among the genetic clusters. The cluster isolates had unique wgMLST cluster types which were not 258 published previously and differ from globally circulating extensively drug-resistant (XDR) and highly 259 virulent (hvKp) K. pneumoniae strains (23, 24). KpnCluster-019 is unique compared to the other cluster 260 isolates analyzed in this study for the following reasons. First, KpnCluster-019 harbors a unique and 261 extensive set of AMR genes on the chromosome and in its plasmids. Secondly, KpnCluster-019 isolates 262
were the only to contain three copies of the bla KPC-2 allele, two on two different plasmids and one in the 263 chromosome. The localization of bla KPC-2 on the chromosome and additional bla KPC-2 copies have been 264 reported previously and is further complicating the understanding of transmission of multidrug-resistant 265 K. pneumoniae (25, 26 (unpublished data). Future work will seek to understand the dissemination of the ∆Tn4401a-like bla KPC-2 275 element among CPE in the Netherlands. Lastly, the plasmids of KpnCluster-019 isolates contained also 276 unique plasmid content, including a distinct transposon signature, two toxin-antitoxin systems and a 277 ceaC colicin which possibly contribute to the success in survival, niche adaptation or transmission of this 278 strain. 279
The K. pneumoniae bla KPC-3 isolates had higher MICs for meropenem than the K. pneumoniae 280 blaKPC-2 isolates, which is in line with a previous study (21). The KPC-2 enzyme differs in a single amino 281 acid substitution (Histidine 272 to Tyrosine) from KPC-3. Additional changes in KPC-3 can lead to 282 increased resistance for ceftazidime and cephamycin (27). The increase in meropenem resistance 283 observed in our study is possibly correlated with improved ability of KPC-3 enzymes to hydrolyze the 284 meropenem antibiotic (15). Alternatively, additional beta-lactamase genes such as bla OXA-1 , bla OXA-9 or 285 bla TEM-1A may contribute to increased resistance for meropenem (28). 286
Despite the limited number of long-read sequenced isolates, we have highlighted important 287 new insights in the genomic surveillance of a notorious multi-antibiotic resistant nosocomial pathogen. 288
In some clusters, the plasmidome varied as this was likely due to loss of a plasmid. Also, the resistome 289 data suggest the presence of other plasmids in cluster isolates that were not present in the isolates that 290 were sequenced using TGS. To overcome this limitation, all isolates used in this study should have been 291 sequenced using long-read third generation sequencing. Nevertheless, we identified plasmids in K. 292 pneumoniae bla KPC-2 and bla KPC-3 cluster isolates which vary in size from large, medium and small. The 293 large and medium sized plasmids were enriched for a variety of transposons, conjugation transfer 294 14 systems, cation efflux systems including Fe(3+)-dicitrate transport, and genes encoding for silver, copper 295 and arsenic resistance. The small plasmids contained putative virulence determinants. The presence of 296 these systems may contribute to the success of transmission of specific K. pneumoniae strains in the 297 hospital setting or the community (13, 29, 30 ). Escherichia RCS47 prophage sequences were found on 298 medium and large plasmids in the cluster isolates analyzed. In contrast, the chromosomes contained a 299 variety of prophage-related sequences. RCS47 is a P1-like bacteriophage carrying the ESBL-encoding 300 isolates were analyzed for the production of carbapenemase using the carbapenem inactivation method 335 (CIM) as described previously (33). 336 337 Next-generation sequencing and wgMLST. All 84 K. pneumoniae isolates were subjected to next-338 generation sequencing (NGS) using the Illumina HiSeq 2500 (BaseClear, Leiden, the Netherlands). The 339 NGS data of the K. pneumoniae isolates were used for wgMLST analyses using the in-house wgMLST 340 scheme in SeqSphere software version 6.0.2 (Ridom GmbH, Münster, Germany). Ridom wgMLST cluster 341 nomenclature were depicted in Table 1 ResFinder, a 90% identity threshold and a minimum length of 60% were used as criteria, whereas for 347
PlasmidFinder, an identity of 95% was utilized. 348
Long-read third-generation sequencing. One K. pneumoniae isolate per genetic KpnCluster was 350 sequenced using long-read third-generation Nanopore sequencing (18, 36). High molecular weight DNA 351 was isolated using an in-house developed protocol. Bacteria were grown overnight in 1.5 ml Brain heart 352 infusion broth and culture was spun down at 13,000 x g for 2 minutes. The pellet was washed and 353 resuspended in 500 µl of 150 mM NaCl. The suspension was spun down at 5,000 x g for 5 minutes and 354 the pellet was resuspended in 100 µl of QuickExtract™ DNA Extraction Solution (Lucigen) and 0.1 µl 355
Ready-Lyse™ Lysozyme solution (Epicentre) and incubated for 1 hour at 37°C. Subsequently, 85 µl 10 356 mM Tris 1 mM EDTA pH = 8 (1x TE), 10 µl proteinase K (>600 mAU/mL, Qiagen) and 5 µl 20% sodium 357 dodecyl sulfate solution were added, and the mixture was incubated at 56°C for 30 minutes. DNA was 358 precipitated overnight at -20°C by adding 0.1x volume 3M sodium acetate pH = 5.2 and 2.5x volume ice 359 cold 100% ethanol. Precipitated DNA was spun down at 13,000 x g for 15 minutes and pellets were 360 washed with 1 ml 70% ethanol followed by another centrifugation at 13,000 x g for 5 minutes. After 361 drying, the pellet was dissolved in 200 µl 1x TE and diluted to 1 µg with Nuclease-free water. 362
The Oxford Nanopore protocol SQK-LSK108 (https://community.nanoporetech.com) and the 363 expansion kit for native barcoding EXP-NBD104 was used. Briefly, a shearing step was performed using 364 g-TUBE's™ (Covaris) to obtain an average DNA fragment size of 8 kb. The DNA was repaired using FFPE 365 and end-repair kits (New England BioLabs) followed by ligation of barcodes with bead clean up using 366
AMPure XP (Beckman Coulter) after each step. Barcoded isolates were pooled and sequencing adapters 367 were added by ligation. The final library was loaded onto a MinION flow cell (MIN-106 R9.4.1). The 48-368 hour sequence run was started without live base calling enabled on a MinION device connected to a 369 desktop computer. After the sequence run, base calling and de-multiplexing was performed using 370 Albacore 2.3.1 and a single FASTA file per isolate was extracted from the FAST5 files using Poretools 371 0.5.1 (37). Illumina and Nanopore data were used in a hybrid assembly performed by Unicycler v0.4.4 372 (38). The resulting contig files were annotated using Prokka and were subsequently loaded into 373
BioNumerics for further analyses (39). 374 375
Minimum Spanning Tree and UPGMA analyses. The BioNumerics software was used to generate a 376 minimum spanning tree (MST) or an UPGMA hierarchical clustering as described previously (16). The 377
MST was based on an in-house K. pneumoniae wgMLST scheme. The categorical coefficient was used to 378 calculate the MST. wgMLST clusters were defined as a minimum of two isolates of which the genetic 379 distance between the two isolates was ≤20 genes. An UPGMA clustering of K. pneumoniae bla KPC-2 and 380 bla KPC-3 isolates was performed based on the presence and/or absence of antibiotic resistance genes per 381
isolate. 382
Plasmid reconstruction by read mapping. The CLC Genomics Workbench version 12.0 software 383 (www.qiagenbioinformatics.com) was used to reconstruct plasmids. For this, complete plasmids 384 obtained by TGS were used as a scaffold to map the trimmed NGS reads of isolates that were from the 385 same genetic wgMLST cluster. A plasmid was scored "present" in an isolate if reads mapped to a 386 reference plasmid of interest and ≥85% of the consensus sequence size in kilo bases was reconstructed. 387 Linear DNA fragments < 5kb were omitted in this study. Nucleotide BLAST analyses on plasmid 388 sequences were performed using the https://blast.ncbi.nlm.nih.gov website and date from October 389
390
Plasmid content analysis. Bionumerics was used to extract and analyze annotated genes and 392 tranposases in the 18 different plasmids. The data was plotted in Excel. Phaster, the PHAge Search Tool 393
Enhanced Release website (http://phaster.ca/) was used to determine the presence of phage sequences 394 in the plasmids and searches date from October 2019 (40) . 395 396 NGS, TGS and plasmid data availability. The Illumina (NGS), Nanopore (TGS) and plasmid sequence data 397 sets generated and analyzed in this study are available in NCBI in the European Nucleotide Archive (ENA) 398 under project number xxx and sequence repositories under Genbank accession numbers xxx. All data 399 supporting the findings of this study are available in this article and its supplementary information files 400 are available upon request. 401 Table 2 . BLAST similarity analysis of K. pneumoniae plasmids. 445 bla 
